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On the Heating and Cooling of the Body by Local Application 

of Heat and Cold. 

By Leonard Hill, M.B., F.R.S., D. Hargood-Ash, B.Sc., and J. Argyll 

Campbell, M.D. 

(Received January 7, 1922.) 
(From the National Institute for Medical Research, Hampstead.) 

The object of this enquiry is to find out how much heat can be gained, or 
cold lost from the body, by the local cooling or warming of a small part, e.g., 
by cooling the hands in a stream of cold water, warming the feet in a hot foot- 
bath, or by a foot-warmer. In order to secure the beneficial effect of open 
windows, the breathing of. cool air of low- vapour tension, and stimulation of 
body metabolism by such air ventilating the clothed and naked parts of the 
skin, the general heating of rooms by hot-water coils might be replaced by 
small heaters kept a few degrees above body temperature and locally applied 
to each individual, and each under the individual's control. Electric heaters 
have been used by aeroplanists placed beneath their outer garments. 

One of us (1) recently published results showing that heating or cooling the 
hands can effectively heat or cool the whole body. We record further experi- 
ments of a like nature. 

In some of these experiments, in which the hands were placed in cold 
water, we estimated the respiratory exchange by the Douglas-Haldane method 
of indirect calorimetry. We obtained in most cases a small rise in body 
metabolism after immersion of both hands in cold water at 15° C. for about 
30 minutes. The rise in metabolism was too small to be termed definite. 
The amount of heat lost from the hands to the water was evidently replaced 
by cutting down heat lost from other parts of the body. The actual amount 
of heat lost from the two hands in 30 minutes was, on an average, 20 kilo- 
calories. A greater loss of heat is therefore necessary before metabolism is 
affected. 

The temperature of the skin over the median vein at its bifurcation on the 
front of the elbow was recorded by means of a flat-coiled thermometer insulated 
from the air. The temperature of this portion of skin fell several degrees in 
the above experiments. 

Macleod (2) and others have applied heat and cold to the surface of the 
shaved body of rabbits to study the changes of temperature in underlying 
tissues and in various organs — muscle, liver, kidney and, brain. They used 
thermo-electric couples mounted in hypodermic needles. They showed that 
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the changes produced vary with vascularity in different tissues. Heat applied 
over the liver had little effect on the liver, compared with that on muscle, of 
heat applied over the same. Applied over the lung both heat and cold had 
little effect ; over the brain there was a prompt change of brain temperature 
<but little effect on general body temperature. 

In our experiments to determine the amount of heat lost by the hand to 
the water, the hand was placed in a tin can containing a known volume of 
water ; a similar can with a similar volume of water and at approximately the 
same temperature was placed beside the former to act as a control. When 
the temperature of the skin over the median vein was found to be constant, 
the hand was immersed in the water as far as the wrist joint. The tem- 
peratures of the water-bath and the control were read immediately before the 
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Fig. 1, A. 

immersion of the hand, and readings were then taken of the skin temperature 
at the elbow, and of the bath and control temperatures, every minute. 

To determine the heat given to the water, the temperature readings of the 
bath and control were plotted. Fig. 1, A shows a typical example. The 
initial temperature of the bath was 9*7° C. and of the control 9*3° C. The 
bath curve, ABC, shows that for the first o minutes the rate of rise of 
temperature was rapid compared with the rate afterwards. From the eighth 
to the twentieth minute the rate of rise of temperature may be taken as 
'constant. The curve, EF, shows the rise of temperature of the control bath ; 
it will be seen that this rate of rise was constant throughout the experiment. 
Gil is drawn parallel to EF, therefore the difference between the lines GO 
and GH gives the rise of temperature due to the immersion of the hand. At 
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the point JK, 10 minutes from point G, the difference is 0*38° C, therefore 
the rise for 1 minute was 0*038° C. The water in the can was 6 litres, 
therefore the rate of heat loss to the water per minute was 0*228 kilo-calories 
during this time. 

Todetermine the total heat loss from the hand during the 20 minutes' immer- 
sion; the total rise of temperature of the bath was 11-6° C — 9 7° C. = 1'9° C, 
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Fig. 1, B. 

and that of the control 9'8 a C.-9-3° C. = 0-5° C. ; therefore the total rise due 
to the hand was 1-9° 0.-0-5° C, = 1-4° C, and the total heat loss from the 
hand 1*4 x 6 = 8*4 kilo-calories. 

Fig. 1, 1>, shows the changes in temperature of the skin over the median 
vein for the 20 minutes' immersion and the succeeding 20 minutes. The 
temperature of this portion of skin was quite different from that of the skin 
around it and nearer the hand, showing that the temperature of the blood 
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in the vein was the controlling factor, and not conduction by the skin from 
tissues affected by the changes in the hand. 

Pain in the hand was intense during the first few minutes if the tempera- 
ture of the water was below 14° C. This pain may probably be due, in part, 
to the extreme contraction of the tissues, and disappeared probably because 
the fluids escaped up the arm from the contracted tissues in the hand, thus 
relieving pressure. In our metabolism experiments already referred to, we 
used water warmer than 14° C, to avoid the influence of pain. Pain is 
known to raise metabolism. 

In our numerous experiments, with the hand in cold water, we were unable 
to obtain from day to day constant results for a given range of temperature, 
probably because so many bodily conditions, e.g., vascular, are variable. 

The double fig. 2 gives the results of an experiment in which the hand was 
placed in hot water (43*2° C), fig. 2, A, recording the change in temperature of 
bath and control, and fig. 2, B, recording the changes in temperature of the 
skin over the median vein at the point of the elbow. In this experiment 
the heat gained by the hand in 20 minutes was 6 kilo-calories, and the rate of 
gain, after this had become constant, 0120 kilo-calories per minute. 

In these experiments with hot water the fall of temperature in the water 
of the bath was considerably greater during the first minute or so after the 
hand was immersed, and it was difficult to tell how long this effect, which 
was probably due to the heating up of the hand, lasted. If this effect 
was only temporary, and the heat gained depended only upon the tempera- 
ture of the water, we should expect that different experiments would give 
curves parallel to each other over the same range of temperature. This,, 
however, did not occur. 

To obtain more certain information on this point it was decided to< 
immerse the hand in hot water as before, but, instead of allowing the 
water to cool, to supply a constant amount of heat equal to that lost by the 
water, so that if the heat absorbed by the hand at a given temperature 
proved to be constant, the experiments could be repeated at different 
temperatures to obtain a curve. However, the heat absorbed by the hand 
at a given temperature was not found to be constant, similar variations 
being obtained as with cold water ; varying bodily conditions were probably 

responsible. 

We also carried out numerous experiments with the flat-coiled thermo- 
meter, when the hand as far as the wrist was heated by the summer sun's 
rays. The temperature of the skin over the median vein was increased 
several degrees after the hand had been exposed for a few minutes. In these 
cases the blood in the vein may have been heated in the hand by conduction 
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from the skin or by rays which had penetrated the skin and had been con- 
verted into heat in the blood, as pointed out by Sonne (3). He used thermo- 
electric couples to determine the effect of different rays from the sun and 
found that the visible rays penetrate the skin and locally heat up the blood. 
To this he attributes the value of the sun in heliotherapy. Dark heat rays 
heat up the surface of the skin much more. 

Summary. 

Experiments in which the hands were heated or cooled by water 
showed that the amount of heating or cooling was large, but not constant, for 
a given range of temperature. Some indication of the degree of heating or 
cooling was obtained from the temperature of the skin over the median vein 
at the elbow, the thermometer used being coiled and insulated from the air. 
Loss of 20 to 25 kilo-calories of heat from the hands in 30 minutes, i.e., a loss 
almost equal to the basal metabolism, did not appreciably affect the body 
metabolism. 
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